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the kidney reabsorbs ≈25% of filtered NaCl. The Na + -K + -2Cl − cotransporter (NKCC2), which is selectively expressed in the TAL also, transports the majority of NaCl reabsorbed by the TAL. Inactivating mutations of the NKCC2 gene (SLC12A1) cause a significant reduction in BP and have a severe saltwasting phenotype (Bartter syndrome). 9, 10 It has recently been shown that UMOD can modulate NKCC2 activity and NaCl reabsorption in TAL cells. 11 Furthermore, it is known that UMOD can bind several cytokines, including tumor necrosis factor-α (TNF-α), via its epidermal growth factor (EGF) domains; TNF-α is produced by the TAL and acts in an autocrine manner to downregulate NKCC2A expression, lowering NaCl reabsoprtion at this site. [11] [12] [13] [14] To understand the role that UMOD plays in BP regulation, we have studied BP, sodium excretion, and renal function under conditions of normal sodium and high sodium intake in knockout (KO; Umod 
Methods

Experimental Animals
The KO and WT mice were generated by Bates et al 15 (see Methods in the online-only Data Supplement for details) and have been maintained as breeding colonies at Glasgow University since 2010. The mice were housed under controlled environmental conditions, fed standard rat chow (rat and mouse No. 1 maintenance diet, Special Diet Services), and water provided ad libitum. All animal procedures performed were approved by the Home Office according to regulations regarding experiments with animals in the United Kingdom.
Hemodynamic Parameters
Cardiovascular monitoring was conducted in male mice from 12 weeks of age. Hemodynamic parameters were measured by tail cuff plethysmography (Harvard Instruments) and radiotelemetry (Data Sciences International; see Methods in the online-only Data Supplement). Baseline SBP was measured in 12-week-old KO and WT mice for a 21-day period. The impact of salt loading was investigated for a 6-week period by administration of ±2% NaCl in the drinking water.
Physiological Measurements and Ex Vivo Analysis
During week 6 of the salt-loading period, urine samples from KO and WT mice (±2% NaCl) were obtained by 24-hour metabolic cage collection. Electrolyte analysis in urine was assessed. On euthanasia, blood samples were taken for biochemical analysis, and body weight, kidney weight, and tibia length were measured. All tissue weights were normalized to tibia length. Estimated GFR was measured by quantitative determination of creatinine, glucose, and urea from WT and KO mice ±2% NaCl in the plasma and urine using Roche/Hitachi cobas c systems kits (Roche Diagnostics, Burgess Hill, United Kingdom). Values were then normalized to kidney weight and urine flow per minute.
Umod
+/+ (WT) and Umod −/− (KO) Histology
Three-micrometer-thick sections were stained with periodic acidSchiff and visualized using the EnVision detection system for mouse primary antibodies (K5007, Dako, Glostrup, Denmark). All slides were imaged using an Aperio scanner XT at ×20 magnification producing a resolution of 0.495 μm/pixel and investigated using the ImageScope software (Aperio v12.0.0.5039).
Mouse TAL Cell Isolation and UMOD Knockdown Studies
Male WT mice of 5 to 7 weeks old were used for TAL cell isolation. Isolation of mouse TAL (mTAL) cells was performed as previously described by Eng et al 16 (see Methods in the online-only Data Supplement). On confluence, mTAL cells were transfected with lipofectamine 2000 (Invitrogen) for a 4-hour period with either small interfering RNA (10 nmol/L) to knockdown UMOD expression or scrambled control (Ambion, Manchester, United Kingdom) and then quiesced overnight with RPMI (Gibco, Manchester, United Kingdom) before a 6-hour period of TNF-α treatment (5 nmol/L; PeproTech, NJ).
Gene Expression
Quantitative real-time polymerase chain reaction of total RNA extracted from mTAL cells from WT mice and small interfering RNA treated mTAL using TRIzol (Life Technologies, Grand Island, NY). cDNA was prepared using GoScript Reverse Transcription System (Promega, Madison, WI). Determination of mRNA abundance of specific genes was assessed by quantitative real-time polymerase chain reaction using 1-step 48-well Real Time PCR System and Fast SYBER Green Master Mix (Applied Biosystems, CA). Results were normalized to the housekeeper GAPDH (primers sequences are included in Methods in the online-only Data Supplement). 
Statistical Analysis
The results are expressed as mean±SEM. GraphPad Prism 4 was used to analyze all data sets. One-way ANOVA (followed by Tukey or Dunnett post hoc test) was used for comparisons among groups, and an unpaired Student t test was used to compare data between 2 groups. Radiotelemetry data were analyzed by repeated-measures ANOVA. A P value <0.05 was considered statistically significant. Gene expression data were made using 2(−ΔΔCT) method and submitted to ANOVA statistical analysis. A generalized estimating equation model, which accounts for correlation between measurements in longitudinal studies, was used to study the effect of normal salt intake and high salt intake on BP and water intake using repeated weekly measurements of these variables for 6 weeks in KO and WT mice. Urine sodium excretion over 24 hours was measured in week 6. Strain and salt intake effects were tested using generalized linear models. Figure 1 ). During the 6-week 2% NaCl-loading period, SBP, measured by tail cuff plethysmography, was elevated in WT mice from the third week of treatment onward (WT control versus WT +2% NaCl; ***P<0.0001; n=10 per group; Figure 2A ). During the 6-week salt-loading period, the Umod KO did not affect SBP ( Figure 2B ). The difference in hemodynamic response to salt between WT and KO mice was confirmed by radiotelemetry where the weekly averaged daytime and night-time SBP in salt-loaded WT mice was elevated compared with KO animals (KO: 122.2±7.0 mm Hg versus WT: 144.4±6.3 mm Hg; **P<0.001; n=8 per group; Figure 3A) . Figure 3B illustrates elevated weekly averaged daytime and night-time pulse pressure in salt-loaded WT compared with KO mice (18.3±5.7 mm Hg versus 5.5±1.0 mm Hg; WT versus KO; ***P<0.0001; n=8 per group). In the general linear model (GLM), after adjusting for salt intake, the KO mice had a 27.2 mm Hg lower SBP compared with WT animals, with no difference in volume intake during the 6 weeks (P<0.001; Table) . There were no significant differences between 2% saltloaded WT and KO mice for diastolic pressure, mean arterial pressure, heart rate, or motor activity (Table S1 in the onlineonly Data Supplement). The chronic renal function curves ( Figure 3C and 3D) showed a leftward shift in KO mice compared with the WT strain, suggesting that UMOD affects BP through altering sodium excretion. Figures 1 and 3C are 2 independently generated data sets. Figure 1 data represent continuous (real-time) daily averaged data points in animals measured from 12 to 15 weeks of age. Figure 3A represents weekly averaged data points in animals measured from 12 to 18 weeks of age. First week data that were collected during essential periods of recovery (for radio telemetry) and training (for tail cuff) were not included in any statistical analyses. Detailed analysis of fluid intake, urine output, and urine electrolytes were performed at week 6 of the study. Fluid intake was increased in WT mice at week 1 and 6 of the NaCl-loading period (*P=0.02; n=10 per group) compared with normal salt intake ( Figure 4A ). The KO mice showed increased fluid intake at weeks 1, 3, and 5 when treated with 2% NaCl (*P=0.03, **P=0.005, and **P=0.009 at weeks 1, 3, and 5, respectively; n=10 per group; Figure 4A ). Body weight was unchanged in WT mice during salt loading ( Figure 4B ), whereas KO mice had a lower body weight at weeks 1, 2, 4, 5, and 6 (*P<0.05; **P<0.01). This suggested that, on a highsalt diet, the KO animals retained less Na + and had reduced extracellular fluid and blood volumes compared with the WT strain. Analysis of weekly fluid intake and SBP during 6 weeks of normal salt and 6 weeks of salt loading showed that the WT mice had increased fluid intake and SBP (P<0.0001; n=10 per Table S2 ). In the generalized estimating equation model, after adjusting for the salt effect, KO mice had an increased fluid intake of 1.1 mL compared with WT animals (Table) . Urinary Na + was increased in KO mice after 6 weeks of salt loading with 2% NaCl (*P=0.02; n=5 per group; Figure 4C ). The generalized estimating equation analyses for urine volume and electrolytes at 6 weeks were adjusted for both salt and fluid volume intake to dissect strain-specific effects. KO mice had significantly greater urine volume, as well as urine sodium, potassium, and chloride excretion compared with WT (Table) . The urinary Na + /K + ratio was similar in both strains. At week 6, after adjusting for salt intake, the average 24-hour urinary sodium excretion in KO mice was appreciably greater than observed for the WT strain (P<0.001). The lower arterial pressure observed in KO mice may be explained in terms of increased Na + loss because this is accompanied by reduced extracellular and blood volume which, in turn, lowers cardiac output and BP. At baseline, KO mice had significantly decreased GFR, estimated by measurement of creatinine clearance (CrCl), compared with WT (**P<0.001; Figure 5A ). Salt loading resulted in increased GFR in KO mice compared with all other groups (**P<0.001; n=7 per group). There was no difference in CrCl after treatment with 2% NaCl in the WT mice (P=0.07). Renal mass index was similar between strains ±2% NaCl (P>0.5; n=10 per group; Figure 5B ). Histological evaluation showed normal cortical and outer medullary structure without arterial lesions, glomerulosclerosis, adhesions, tubular atrophy, or interstitial fibrosis, with no signs of necrosis or apoptosis. However, diffuse edema with cellular and interstitial swelling was observed in the papillary tissue of KO animals, both before and after salt loading ( Figure 5C ).
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Interactions Between UMOD, TNF-α, and NKCC2 in the TAL mTAL cells secrete the cytokine TNF-α, 17 which acts in an autocrine manner to inhibit Na + uptake. 18 Furthermore, TNF-α GEE/GLM β coefficients are presented as KO effect with respect to WT after adjustment for covariates. All data were normalized to urine volume collected over a 24-h period and kidney weight on animal euthanasia. GEE indicates generalized estimating equation; KO, knockout; SBP, systolic blood pressure; Umod, uromodulin; and WT, wild type.
Covariates in GEE/GLM: *strain, salt intake; †strain, salt intake, water intake (n=8 per group). production by TAL cells is enhanced in response to stimuli such as angiotensin II. 19, 20 UMOD was originally identified as a ligand for renal cytokines including interleukin-1 and TNF-α. 21 We thought it was possible that in the KO mouse, the absence of UMOD may result in an increased accumulation of TNF-α in urine. To test this hypothesis, we measured the TNF-α content of urine samples collected from both KO and WT mice at 6 weeks with or without salt loading. Under baseline conditions, urinary TNF-α levels were significantly greater in KO mice compared with WT (**P<0.001; n=3 per group; Figure 6A ). This suggests that in the WT animal cell-surface UMOD sequesters TNF-α, limiting the amount of cytokine excreted by the mice in their urine. Exogenous salt intake increased the levels of urinary TNF-α in both WT and KO mice (**P<0.001 and ***P<0.0001; n=3 per group; Figure 6A ). This increase was ≈5-fold in the KO mice on salt loading (***P<0.0001). Quantitative real-time polymerase chain reaction on RNA isolated from kidney outer medulla showed an increase in the abundance of TNF-α gene transcripts in both WT and KO animals on salt loading, reaching statistical significance in KO mice (*P=0.01; Figure 6B ). To test whether the sodium loss observed in KO mice was because of increased levels of extracellular TNF-α, the mRNA levels of the major functional splice variant of NKCC2 (NKCC2A) was measured in mTAL cells±TNF-α, ±UMOD small interfering RNA ( Figure 6C ). In the presence of UMOD, stimulation with TNF-α (6-hour incubation with 5 nmol/L TNF-α) decreased relative NKCC2A mRNA levels (**P<0.001; n=3), consistent with previous findings. 22 UMOD knockdown caused an even greater reduction in NKCC2A transcript levels (***P<0.0001; n=3) that could not be further lowered by addition of exogenous TNF-α ( Figure 6C ). This suggested to us that, in the absence of UMOD, TNF-α secreted by the TAL cells, acting in an autocrine manner, was sufficient to cause maximal downregulation of NKCC2A gene expression. In mTAL cells, stimulation with TNF-α was found to increase the relative levels of UMOD mRNA by ≈3.5-fold (***P<0.0001; n=3; Figure 6D ). This raises the intriguing possibility of a negative feedback loop in which the TNF-α-induced reduction in NKCC2A gene expression is switched off by TNF-α through increasing the production of cell-surface UMOD (which binds TNF-α at high affinity).
Discussion
In this study, we have followed up our HTN GWAS and provide functional evidence that UMOD is involved in BP regulation through altering sodium excretion. To our knowledge, we are the first to show clear BP differences between UMOD KO mice and WT animals in that they display lower baseline BP and are insensitive to salt-induced changes in BP. The lower BP in KO mice can be explained by a leftward shift in the chronic renal function curves. Furthermore, we provide evidence that this may be because of an inverse association between the expression levels of UMOD and NKCC2A.
Steady-state electrolyte handling has been investigated previously in Umod KO mice that demonstrated no differences compared with the WT strain. These findings are consistent with our study. 12 A defect in renal function related to renal damage does not seem to contribute to this effect because no differences in renal mass index or renal structures were observed between the strains. However, diffuse edema with cellular and interstitial swelling was observed in the KO mice ) mice. A, Fluid intake was significantly increased at week 6 in wild-type (WT) mice when salt loaded compared with the control WT animals (*P=0.02; n=10 per group). The saltloaded KO mice displayed increased fluid intake at weeks 1, 3, and 5 compared with the non-salt-loaded control animals (*P=0.03, **P=0.005, and **P=0.009; n=10 per group). B, Body weights were significantly reduced in KO mice at weeks 1, 2, 4, 5, and 6 of the salt-loading period compared with the non-salt-loaded control (*P<0.05; **P<0.01). Body weights were unchanged in WT after salt loading. C, Urinary Na + excretion was significantly increased in the KO mice after 6 weeks of salt loading (2% NaCl; *P<0.01; n=5 per group). Results displayed as mean±SEM. Analyzed with unpaired Student t test. UMOD indicates uromodulin.
by guest on June 6, 2017 http://hyper.ahajournals.org/ Downloaded from before and during salt loading. The KO mice show lower CrCl under normal salt conditions, consistent with previous reports, 12, 15 and higher CrCl when salt loaded compared with WT mice. This increase in CrCl suggests that KO mice have a greater capacity to excrete Na + , thereby maintaining body homeostasis despite increased Na + intake. The lower baseline CrCl in KO mice is in contrast to previous human GWAS that showed that alleles associated with low UMOD excretion are associated with high estimated GFR. 5, 8 Because KO mice displayed high CrCl only in relation to high salt intake, it is possible that the associations found in these GWAS were confounded by high dietary salt intake in the population cohorts used. Our group previously reported that the minor G allele of rs13333226 (allele frequency, 0.18 in Europeans) was associated with a lower risk of HTN, lower urinary UMOD excretion, and increased proximal tubular sodium reabsorption. 7 We also showed that the lower urinary UMOD excretion associated with the G allele was present only on low-salt diets and that this association was lost when the sodium intake was high. In the human study, the observation of increased proximal tubular sodium reabsorption was observed in studies in which salt intake was not strictly controlled, so it is difficult to ascertain whether this is a consequence of increased GFR or a compensatory reaction to a primary decrease in distal reabsorption. 7 Together, the previous human population and animal studies described here indicate that UMOD plays an important role in regulating BP, and further detailed human studies are merited to disentangle the relationship between salt intake, renal function, UMOD excretion, and BP. Given the salt effects noted with the KO mice, however, future human studies investigating UMOD genotype-phenotype association should be performed with strict dietary salt control.
The Umod KO mice in our study display increased levels of urinary TNF-α, which is further increased on salt loading. These data are consistent with a recent study showing that salt loading increased TNF-α production by the kidney, 23 and more specifically the TAL, 22 an effect that is greatly accentuated in Umod KO mice. The elevated levels of urinary TNF-α observed in KO mice suggests that cell-surface UMOD in the WT animals sequesters TNF-α, limiting the amount of cytokine that is excreted. In TAL cells, Na + uptake, across the apical cell membrane, is primarily mediated by the electroneutral cotransporter NKCC2 (which is essential for salt conservation and water regulation). 24 Loss-of-function point mutations in NKCC2 can lead to Bartter syndrome that is characterized by low BP, an inability to concentrate urine, and reduced NaCl reabsorption.
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Figure 5. Creatinine clearance (CrCl) was significantly increased in knockout (KO; Umod −/− ) mice compared with wild-type (WT) mice with 2% NaCl, with no difference in kidney morphology between strains. A, Under basal conditions, KO mice had significantly reduced CrCl than WT mice (**P<0.001; n=7 per group). Six weeks of 2% NaCl resulted in a significant increase in renal function in KO mice compared with all other groups ( †P<0.001; n=7 per group). There was significant, increased CrCl in KO mice after salt loading (***P<0.0001; n=7 per group). B, There were no differences in renal mass index (RMI) between strains under either condition (mean±SEM). C, Periodic acid-Schiff (PAS) stained kidney sections from WT (umod +/+ ) and KO (umod −/− ) animals ±2% NaCl. The papilla showed diffuse edema with widened interstitium and cellular swelling in KO but not WT mice. Each subimage is 195 μm wide. Previously, it has been suggested that UMOD facilitates the cotransport of NKCC2 to the apical membrane of TAL cells. 11 Here, we show that TNF-α can reduce the levels of NKCC2A mRNA in primary mTAL cells and that this effect is enhanced in the absence of UMOD. NKCC2A is part of a signaling pathway 26 that activates TNF production by the mTAL, functioning as part of a negative feedback loop to inhibit total NKCC2 activity. This suggests that UMOD plays a critical role in BP regulation by mediating the effects of TNF-α on NKCC2, thus maintaining sodium homeostasis. Umod KO mice on high salt have a mild Bartter phenotype, with reduced BP and reduced Na + reabsorption compared with WT mice, consistent with UMOD exerting its effect on BP via regulation of NKCC2 expression. In mTAL cells, stimulation with TNF-α was found to increase the relative levels of UMOD mRNA, creating a negative feedback loop in which the TNF-α-induced reduction in NKCC2A gene expression is switched off through increasing the production of cell-surface UMOD (which is known to bind with high affinity to TNF-α). 21 Our cardiovascular characterization has shown BP differences in Umod KO mice in parallel with a leftward shift in the chronic renal function curve. This work has also shown that UMOD plays a direct role in BP regulation by modulating the effect of TNF-α on NKCC2A expression. We have provided evidence of a novel functional pathway of BP regulation by UMOD that impacts renal sodium/volume homeostasis. Our future work will focus on elucidating the fine details of the molecular mechanism by which UMOD affects sodium transport in the TAL.
Perspectives
Although GWAS have been successful in identifying replicated and valid signals for complex traits, the major weakness of GWAS has been that these replicated signals are not causative and in many cases not clearly associated with genes. The true value of GWAS to date has been in the identification of novel pathways, and our study exemplifies this. We have extended this GWAS discovery in humans, using a umod KO mouse model, identifying a novel pathway linking UMOD, sodium homeostasis, and HTN. Further work needs to be prioritized to elucidate the underpinning molecular mechanisms, so that this novel pathway can be translated into new drugs for HTN. 
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None. Figure 6 . Uromodulin (UMOD) regulates sodium uptake in the thick ascending limb of the loop of Henle (TAL) by modulating the effect of tumor necrosis factor-α (TNF-α) on NKCC2A expression. A, Knockout (KO) mice have significantly increased urinary TNF-α levels with 2% NaCl compared with all groups (***P<0.0001). Wild-type (WT) mice also have significantly increased urinary TNF-α levels after salt loading (**P<0.001). Mean±SEM, n=3 per group, and analyzed by 1-way ANOVA followed by Dunnett post hoc test. B, Outer medulla tissue showed an increase in the abundance of TNF-α gene expression in KO animals on 2% NaCl (*P=0.01; n=3 per group). Mean±SEM and analyzed by Student t test. C, In the presence of UMOD, stimulation with TNF-α decreased relative NKCC2A mRNA levels (**P<0.001; n=3). UMOD knockdown greater reduction in NKCC2A transcript levels (**P<0.001; n=3). Mean±SEM and analyzed by 1-way ANOVA followed by Dunnett test. D, TNF-α caused an increase in the relative levels of UMOD mRNA in mouse TAL cells (***P<0.0001; n=3). RQ indicates relative quantitation.
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Supplementary Methods
Experimental Animals
The THP-/-(KO) and THP+/+ (WT) mice were generated by Bates et al [1] . Mouse THP cDNA isolated from 129/sv mice was transfected into developing blastocycts of C57Bl/6 mice. Chimeric mice were bred with Black Swiss mice and screened by polymerase chain reaction (PCR) to obtain mice heterozygous for THP deficiency. The heterozygous mice were bred with each other to obtain THP +/+ (WT) and THP -/-(KO) offspring. The mice were backcrossed onto the 129/sv strain for seven generations to produce THP +/+ and THP -/-offspring with a similar genetic background. The KO mice lack a 2kb segment 5' of the cap site of the UMOD gene and the first four exons plus the intervening intron. The genotypes of KO and WT mice were verified using end point PCR of tail genomic DNA with specific primers (Umod KO; forward: 5' gaagggactggctgctattg 3' and reverse: 5' aatatcacgggtagccaacg 3' and WT; forward; 5' agggctttacaggggatggttg 3'and reverse: 5' gattgcactcagggggctctgt 3').
Hemodynamic parameters
Tail cuff plethysmography was performed on adult male mice using a Panlab Non-Invasive Blood Pressure System for rodents (Harvard Apparatus, UK). Mice were heated to 30 o C, wrapped in a cloth and an inflatable cuff plus pulse transducer placed on the tail (Model LE5160M) for measurement of systolic and diastolic blood pressure. An average of 6 readings were taken for each mouse per sitting and a mean value calculated.
The Dataquest IV telemetry system (Data Sciences International, USA) was used for direct measurement of systolic pressure, diastolic pressure, pulse pressure, heart rate and locomotor activity using a PA-C10 pressure transmitter. Adult male mice were anesthetized using 2% isofluorane. The common carotid artery was isolated by a midline skin incision from chin to manubrium. A blunt trocar was passed under the skin from the neck incision to the flank region for tunnelling of the transmitter catheter. The catheter was placed into the common carotid artery and the transmitter body was placed under the skin in the flank region. The skin was sutured and carprofen analgesia administered. The mice were then allowed to recover for 7 days prior to haemodynamic assessment. Baseline blood pressure measurements were recorded continuously over a three week period using mice of 12 to 15 weeks of age. This data set represents continuous (real time) daily averaged data i.e 24 hour cycles for blood pressure measurements. Weekly averaged data points were performed in an independent group of animals at 12 to 18 weeks of age. Due to the short battery life of telemetry probes it is not possible to carry out a longitudinal continuous (real time) study for six weeks. In this study weekly averaged data points were generated from three consecutive day time and night time cycles. Data collected in the recovery week post surgical procedure was not used in any analysis. Equally, the training week for tail cuff plethysmography was not included in any analysis.
mTAL cell isolation and UMOD knockdown studies
Isolation of mTAL cells was performed as previously described by Ferreri et al [2] . Mice were anesthetised and kidneys perfused with sterile 0.9% saline solution via retrograde perfusion of the aorta. Excised kidneys were cut along the corticopapillary axis, to expose the medulla. The inner stripe of the outer medulla was then excised and digested with 0.1% collagenase solution that was gassed with 95% oxygen. The cell suspension was sedimented on ice and mixed with Hanks Balanced Saline (HBSS) containing 2% BSA, and the crude suspension of tubules was collected. The remaining undigested tissue was collagenase treated a further three times. The supernatants were spun and resuspended in HBSS. The resuspension was passed over a 52µm nylon mesh membrane. The filtered solution was discarded and the tubules collected on the mesh were washed with HBSS and centrifuged. The supernatant was aspirated and the cells were resuspended with REGM media (Lonza, Preston, UK). The tubule suspension was grown on cell culture inserts to insure polarisation. The cells were grown to approximately 70-80% confluence prior to any experiment, with fresh media changes every 48 hours.
Gene expression
Primer sequences are as follows: Forward primer: 5'cacggcaagttcaacggc3' and Reverse primer: 5'ggtggtgaagacgccagta3'). Primer sequences are as follows; UMOD forward 5'ggaaagcagaaaacctggtg3' and reverse 5'gagacagggcttcatacat3', NKCC2A forward primer 5'ggtaacctctatcactgggt3' and reverse 5'gtcattggttggatccacca3'.
Enzyme Linked Immunosorbent Assay for TNF-α TNF-α levels were measured in urine from Umod KO and WT mice. Briefly, 96 well flat bottom plates were coated with either anti TNF-α monoclonal antibodies overnight to capture TNF present in the urine samples. Any unbound material was washed off and a horseradish peroxidise conjugated secondary antibody was added to bind to the captured TNF-α. A substrate solution was added to initiate peroxidase catalyzed colour change, which was then stopped by acidification. Absorbance readings were measured at 450 nm, from which TNF-α concentrations were determined.
